subjects was significantly elevated (p = 0.038), but baseline levels of soluble CD40 ligand (sCD40L) and thrombin-activatable fibrinolysis inhibitor-1 (TAFI) antigen did not differ from healthy controls. Twelve weeks of metformin or rosiglitazone therapy did not cause significant changes in sCD40L, PAI-1 and TAFI antigen levels. In simvastatin-treated subjects (n = 9) significant reductions of PAI-1 were achieved (p = 0.028), while sCD40L and TAFI-Ag did not differ from baseline values. Conclusion: Our results showed that nonobese diabetic patients at low cardiovascular risk had similar levels of subclinical markers of inflammation and fibrinolysis as matched healthy controls. Neither metformin nor rosiglitazone caused marked changes in sCD40L, PAI-1 and TAFI antigen levels. A subset of patients who received simvastatin showed a modest decrease in PAI-1 level and could contribute to beneficial vasculoprotective effect of the drug in type 2 diabetics.
complications have impaired vascular reactivity [1] , while normotensive and normoalbuminuric patients have endothelial dysfunction despite good glycemic control [2] . Subclinical inflammation and hypofibrinolysis are important factors causing alterations in endothelial system in type 2 diabetes. In these, several factors have been shown to interact with innate immunity and cause subclinical inflammation. Most important of these are insulin resistance, smoking, ethnicity, genetics and nutrition including inappropriate proportions of carbohydrates, fat and protein [3] . Circulating soluble CD40 ligand (sCD40L) is a novel proinflammatory cytokine derived largely from activated platelets and can trigger inflammatory reaction in vascular endothelial cells. Membrane-bound CD40L and sCD40L interact with CD40 molecule that is present on hematopoietic, endothelial and smooth muscle cells, and the release of tissue factor activates platelets which produce more sCD40L thereby perpetuating the inflammatory and prothrombotic environment in the vasculature [4] . In the literature, studies evaluating sCD40L expression in type 2 diabetic patients have discrepant results. While some investigators have reported increased sCD40L levels [5] [6] [7] [8] , others have not observed a similar association [9] [10] [11] [12] .
Inhibition of plasminogen activation by plasminogen activator inhibitor-1 (PAI-1) impairs fibrinolysis and promotes thrombosis [13] . PAI-1 is elevated in a variety of clinical situations that are associated with insulin resistance and increased risk of ischemic cardiovascular events like type 2 diabetes [14] . Thrombin-activatable fibrinolysis inhibitor (TAFI) or carboxypeptidase U is another fibrinolysis inhibitor isolated from human plasma. TAFI-antigen (TAFI-Ag) is a glycoprotein synthesized by the liver that can be activated by thrombin-catalyzed proteolysis to a carboxypeptidase B-like enzyme that inhibits fibrinolysis [15, 16] . In the literature, the data about TAFI expression in diabetic subjects are limited. Ajjan and Grant [17] demonstrated that in nonobese type 2 diabetic patients TAFI levels were associated with the degree of insulin resistance and glycemic control.
It was previously demonstrated that both metformin and rosiglitazone have some pleiotropic effects, such as reducing microalbuminuria, improving blood pressure and endothelial alterations, besides increasing insulin sensitivity [17] . However, the effects of rosiglitazone or metformin on TAFI-Ag or the effect of metformin on sCD40L have not been evaluated. Furthermore, despite the evaluation of sCD40L, TAFI-Ag and PAI-1 in complicated type 2 diabetes, not much data are available in normotensive patients without diabetic complications. Therefore the objectives of this study were to demonstrate the levels of sCD40L, TAFI-Ag and PAI-1 in normotensive type 2 diabetic subjects without diabetic complications and to evaluate the effects of 12-week metformin and rosiglitazone therapy on these proteins.
Subjects and Methods
Type 2 diabetic subjects (according to American Diabetes Association criteria in 2005) [18] between 30 and 75 years of age, with diagnosis of at least 6 months were included. Exclusion criteria were: hypertension (two consecutive measurements higher than 130/80 mm Hg), diabetic retinopathy, diabetic polyneuropathy, history of a cardiovascular and/or cerebrovascular event, history of any chronic disease, pregnancy, child-bearing potential, body mass index (BMI) over 30 kg/m 2 , abnormal resting electrocardiography or positive treadmill exercise test, angina pectoris, intermittent claudication, microalbuminuria (daily microalbumin excretion higher than 30 mg), transaminase levels exceeding 2.5 times normal or serum creatinine levels over 1.4 mg/dl. Patients who were being treated with insulin (or with a history of insulin treatment), anticoagulation drugs, antihypertensive therapy or antiobesity drugs were also excluded. Sixty-one consecutive type 2 diabetic patients and 23 age-and gender-matched healthy controls without any diseases were recruited. Written informed consent was obtained from all participants. Study protocol was approved by the Ethics Committee of the institution.
The study was carried out in two phases: standardization and therapy. During the standardization period, oral antidiabetics were switched to glimepiride with the suitable dose (minimum 1 mg/day and maximum 4 mg/day) regulated according to the patients' plasma glucose levels. Glimepride was preferred for the washout period because of their neutral and/or mild effects on both traditional and nontraditional cardiovascular risk factors [17] . After the 4-week standardization phase, the patients were randomized into two groups: treatment with metformin or rosiglitazone. Twenty patients were randomized to metformin (group M, 10 female subjects, mean age: 53.2 8 8.0) and 20 patients were randomized to rosiglitazone (group R, 11 female subjects, mean age: 51.7 8 8.1) for 12 weeks.
Twenty-one patients were randomized into two groups. The remaining 21 patients were excluded because of microalbuminuria, hypertension, withdrawal of informed consent or medical need of insulin therapy at the end of the standardization period. Patients with a fasting glucose over 180 mg/dl continued glimepi ride besides metformin or rosiglitazone. Metformin, 1,700 mg/day, was administered in two divided doses (after breakfast and dinner) and the daily rosiglitazone dose was 4 mg and was given before breakfast. The patients (n = 9) with low-density lipoprotein cholesterol (LDL-C) higher than 130 mg/dl at the beginning of the randomization period were treated with simvastatin (maximum dose 20 mg/ day). No other antilipidemic drugs were used during the study. The patients were followed for 12 weeks. During follow-up drug doses were not changed and no drugs were added to therapy.
At the beginning and at the end of the randomization periods patients were evaluated after 8-to 10-hour fasting. A complete medical history was taken. Detailed physical examinations were performed. Height (m), weight (kg) and waist circumference (cm) were measured with subjects in light clothing and without shoes. Blood pressure measurements were recorded using a sphygmomanometer in the sitting position after 5-min resting. Blood samples were obtained between 8.00 a.m. and 9.00 a.m. in fasting conditions.
Laboratory investigations were as follows: fasting plasma glucose (FPG), 2-hour postprandial glucose (PPG), HbA1c, total cholesterol, high-density lipoprotein cholesterol (HDL-C), triglycerides, serum sCD40L, plasma PAI-1 and plasma TAFI-Ag. Besides, 24-hour urine collections for the detection of microalbuminuria were performed (normal range: 30-300 mg/day). Serum samples for fasting and PPG and lipid parameters were obtained by centrifugation at 2,000 rpm for 15 min at room temperature. HbA1c measurements were performed with fresh samples. Serum samples for sCD40L were obtained by centrifugation at 2,000 rpm for 15 min at 4 ° C. For PAI-1 and TAFI-Ag assessments platelet-poor plasma was obtained by centrifugation at 2,000 rpm for 15 min at 4 ° C.
Serum sCD40L, plasma PAI-1 and TAFI-Ag levels were measured using available ELISA kits (sCD40L: Biosource, Nivelles, Belgium; PAI-1: American Diagnostica, Stamford, Conn., USA, and TAFI-Ag: Affinity Biologicals, Ancaster, Ont., Canada). For sCD40L measurements the overall intra-assay and interassay coefficient of variation was 4.0 and 6.8%, respectively. For PAI-1 the intra-assay coefficient of variation is 4% and the interassay coefficient of variation is 4.3%. The intra-assay and interassay coefficients of variation for TAFI-Ag are 6%. FPG, triglyceride, total cholesterol and HDL-C were measured by Roche/Hitachi D/P Modular System Autoanalyzer (Roche Diagnostics, Basel, Switzerland). LDL-C was calculated.
Statistical analysis was performed with SPSS version 11.0 for Windows. Comparisons between groups were determined with Mann-Whitney U test. Comparisons of related samples were assessed with Wilcoxon test. Nonparametric correlations were assessed by Spearman correlation analysis. Multiple regression analysis was used to show independent variables; p value ! 0.05 (two-tailed) was accepted to be significant. We performed three linear regression models to determine the independent factors that could be associated with PAI-1, TAFI-Ag or sCD40L. The independent variables for each model were the same: BMI, waist circumference, HbA1c, total cholesterol, LDL-C and triglyceride. In addition to these independent variables the remaining two cytokines were also added to both models. The results are given as mean values 8 SD.
Results
The baseline anthropometric and laboratory data of the patients and healthy controls are shown in table 1 . There was no difference for age, gender, blood pressure, waist circumference, waist-to-hip ratio (WHR) and lipid parameters between diabetic subjects and healthy controls. Type 2 diabetic subjects had elevated FPG (p ! 0.001) and higher BMI (p = 0.027) when compared with healthy controls. Baseline plasma PAI-1 levels of type 2 diabetic patients were significantly higher than those of healthy subjects (p = 0.038). In type 2 diabetic patients baseline levels of sCD40L and TAFI-Ag did not differ from healthy controls.
Twelve-week metformin therapy maintained a significant decrease in FPG (p = 0.018) and HbA1c (p = 0.014). A slight weight reduction was also observed (from 72.7 to 71.7 kg, and the difference was statistically significant, p = 0.05). No significant change was observed in BMI, waist circumference, WHR, PPG, lipid parameters, urinary albumin excretion, sCD40L, PAI-1 and TAFI-Ag. In the rosiglitazone group a marked reduction was maintained in FPG (p = 0.001) and a slight reduction was observed in HbA1c (p = 0.05). No significant change was observed in BMI, waist circumference, WHR, PPG, lipid parameters, urinary albumin excretion, sCD40L, PAI-1 and TAFI-Ag. The baseline and 12-week data are summarized in table 2 .
In diabetic patients baseline sCD40L was negatively correlated with total cholesterol (r = -0.326, p = 0.043), The three linear regression models did not show that any of the confounders had independent associations with baseline cytokine levels.
For the 9 patients (6 in the metformin and 3 in the rosiglitazone group) receiving simvastatin therapy for 12 weeks, the baseline values for sCD40L, PAI-1 and TAFIAg were similar in simvastatin-treated patients (S+) and simvastatin-naïve patients (S-). In the S+ group significant reductions of PAI-1 were achieved (from 41.08 8 15.15 to 33.49 8 19.30 ng/ml (p = 0.028) while sCD40L and TAFI-Ag did not differ from baseline values. In simvastatin-naïve subjects no significant change in cytokine levels was observed.
Discussion
This study showed that normotensive type 2 diabetic patients without diabetic complications had elevated PAI-1 and similar sCD40L and TAFI-Ag levels when compared with healthy controls. Metformin or rosiglitazone did not significantly affect these parameters after 12 weeks' therapy. It is well established that hypofibrinolysis promotes atherosclerosis in insulin-resistant subjects. In diabetes, PAI-1 elevation is both a cause and a consequence of insulin resistance [19] . Based on our results it is clear that hypofibrinolysis and the risk of endothelial dysfunction are present even in early stages of diabetes before the development of diabetic complications.
The second fibrinolysis parameter we evaluated was TAFI-Ag. Studies of TAFI levels in diabetes have produced controversial results. While some investigators demonstrated a strong relationship between TAFI and diabetes [17, 20] , a recent study showed that TAFI levels were not affected by hyperglycemia or insulin resistance [20] . Moreover, Rigla et al. [21] found lower TAFI levels in type 2 diabetic patients and they showed negative correlation between TAFI and glycemic parameters. The lack of diabetic complications or hypertension may lead to similar baseline levels of TAFI in diabetic patients and healthy subjects in our study.
Our data did not confirm previous reports that both metformin [18, 22, 23] and rosiglitazone [24] [25] [26] reduced PAI-1 concentrations. This effect is mainly due to an increase in insulin sensitivity. Short therapy duration, a small number of patients or relatively low doses of metformin and rosiglitazone may be responsible for these findings. However, our data confirmed the previous report that no significant change in TAFI levels was observed after pioglitazone treatment [27] . The effect of metformin on TAFI had not been reported previously. First of all, hyperglycemia per se may not be related with TAFI expression in diabetic patients. Hence, metformin or rosiglitazone, despite their beneficial effects on glycemic parameters, did not affect TAFI levels significantly. Secondly, genetic determination of TAFI levels may be predominant. While it has been shown that plasma TAFI concentrations are stable within individuals, they may vary widely between individuals due to genetic determination [28] .
Platelets regulate inflammation mainly through the CD40/CD40L pathway. Approximately 95% of sCD40L in the plasma is of platelet origin. sCD40L has prognostic value in predicting cardiovascular disease as well as fibrinogen or high-sensitivity C-reactive protein [29] . However, interrelations between sCD40L expression and diabetes need to be clarified. In the present investigation, diabetic subjects who had no confounders for diabetic complications or hypertension did not have a significant increase in sCD40L. Our findings reflect the importance of platelet activation and consequently elevated sCD40L expression in complicated diabetes or established coronary artery disease. We can suggest that platelet activation is related to the presence of micro-or macroangiopathy or hypertension rather than hyperglycemia per se.
The effect of metformin therapy on sCD40L levels has not previously been evaluated. In our study 12-week metformin therapy did not cause a significant change in sCD40L levels. In the literature troglitazone and rosiglitazone were shown to reduce sCD40L levels, while the study evaluating the effect of pioglitazone did not [6, 8] . In our study the constant levels of sCD40L after rosiglitazone or metformin were an expected finding and probably associated with the similar baseline values between healthy people and diabetic subjects.
We found that simvastatin therapy caused significant reductions in PAI-1 levels in type 2 diabetic subjects. In simvastatin-treated subjects, the reduction achieved in PAI-1 levels may be associated with the regulation of thrombin generation. Furthermore, the effects of lipoproteins on the up-regulation of the generation of PAI-1 from vascular endothelial or smooth muscle cells may be diminished by simvastatin treatment. Lastly, the beneficial effects of simvastatin on inflammation may attenuate PAI-1 generation in endothelial cells.
Our study had several limitations: the reliance on two cytokine measurements for the assessment of hypofibrinolysis, the duration of the therapy and the preferred doses might be inadequate to achieve pleiotropic effects of metformin and rosiglitazone; in addition, strict inclusion criteria might be associated with neutral effects.
Conclusion
Our results showed that nonobese diabetic patients at low cardiovascular risk had similar levels of subclinical markers of inflammation and fibrinolysis as matched healthy controls. Neither metformin nor rosiglitazone caused marked changes in SCD40L, PAI-1 and TAFI-Ag levels. A subset of patients who received simvastatin showed a modest decrease in PAI-1 level, which could contribute to the beneficial vasculoprotective effect of the drug in type 2 diabetics.
